Secondary haemophagocytic lymphohistiocytosis (sHLH) is a rare lifethreatening condition mainly associated with underlying infections, malignancies, and autoimmune or immune-mediated diseases.
Institutional review board statement:
The ethical committee of the University Hospital of Larissa approved the protocol which conforms to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval by the institution's human research committee.
INTRODUCTION
Haemophagocytic lymphohistiocytosis (HLH) also known as haemophagocytotic syndrome, is a rare but life-threatening immune disorder characterized by clinical and laboratory evidence of uncontrolled hyper-inflammation due to massive proliferation of T cells and macrophages [1, 2] . The most common manifestations are unremitting fever, hepatosplenomegaly, peripheral blood cytopenias, liver dysfunction, high ferritin levels and haemophagocytosis [3] . Depending on the aetiology, this syndrome can be caused by genetic mutations affecting cytotoxic function (primary or familial HLH) or secondary to infectious, autoimmune, or malignant conditions (acquired or secondary HLH; sHLH). However, in some cases no underlying disease or any triggering factor is identified (idiopathic cases) [4] . Ideally, the diagnosis of HLH is based upon fulfilling the published diagnostic criteria used in the HLH-2004 trial of Histiocyte Society [5] . Early recognition of the syndrome is crucial because without prompt initiation of treatment, HLH is often fatal. Nevertheless, in every-day clinical practice the assessment of haemophagocytosis on bone marrow aspirates is not feasible for all patients while frequently, there is also lack of data on natural killer (NK) cell activity and soluble CD25 levels [6] [7] [8] [9] [10] . Therefore, clinicians often confront the dilemma to start treatment earlier in patients who do not fulfil all the above criteria. Treatment of HLH may vary according to the cause including immunosuppressive and immunomodulatory agents, treatment of the underlying disease, chemotherapeutic agents and hematopoietic stem cell transplantation [11] [12] [13] .
The aim of the present study was to analyse a large cohort of adult patients with sHLH who were diagnosed and managed in our department during 2010-2018 paying particular attention on the treatment schedules and the outcome of the patients.
MATERIALS AND METHODS
All adult patients with sHLH who were prospectively diagnosed and managed at the Department of Medicine of the University Hospital of Larissa, Greece, from January 1, 2010 to June 1, 2018, were assessed retrospectively. The electronic records and/or written charts of the patients were reviewed for demographic characteristics, clinical manifestations, underlying causes of sHLH, laboratory parameters, treatment and the 30-d-mortality rate. All cases met at least 5 out of the following 8 2004-HLH international criteria for the diagnosis of HLH [5] : Fever ≥ 38.5 °C, splenomegaly, peripheral blood cytopenias with at least two of the following three [haemoglobin (Hb) < 9g/dL; platelets (PLTs) < 100000/μL; absolute neutrophil count < 1000/μL], high serum triglycerides (fasting triglycerides > 265 mg/dL) and/or low fibrinogen levels (fibrinogen < 150 mg/dL), haemophagocytosis (showed in bone marrow, lymph node, or liver specimens), low or absent NK cell activity, ferritin > 500 ng/mL, and elevated soluble CD25 (soluble IL-2 receptor alpha) above two SD the ageadjusted laboratory-specific norms.
Serum levels of aspartate aminotransferase, alanine aminotransferase (ALT), gamma-glutamyl transferase, alkaline phosphatase, lactate dehydrogenase, C-reactive protein, ferritin, triglycerides, fibrinogen, and the erythrocyte sedimentation rate were determined using standard techniques. Available biopsy specimens from bone marrow, lymph node or liver were peer examined by two experienced pathologists.
Clinical response was assessed at the completion of treatment and was defined as cure (absence of fever and restoration of the abnormal laboratory parameters i.e., peripheral blood cytopenias, high triglycerides, low fibrinogen, ferritin > 500 ng/mL) or failure (persistent or worsening of clinical and laboratory findings).
The ethical committee of the University Hospital of Larissa approved the protocol which conforms to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval by the institution's human research committee. Patients agreed to receive the treatment schedule by written consent at the time of interview. In case patients were not able to give consent (e.g., critically ill patients), a first-degree relative authorized to give consent.
Statistical analysis
Kolmogorov-Smirnov test was used to assess the normality of the distribution of variables. Quantitative values are expressed as mean ± SD or median (with interquartile range-IQR) where applicable. Data were analysed by Mann-Whitney U test, χ 2 (two by two with Yates's correction), independent-samples T test and binary logistic regression analysis. Survival analysis was carried out using Kaplan-Meier plot and the comparisons were done by log-rank test. Two-sided P values less than 0.05 were considered statistically significant. The statistical review of the study was performed by Gatselis NK and Zachou K who have MSc in biostatistics. All data analyses were performed using the statistical software SPSS version 20.0.
RESULTS
Over the period of 8-years of the study, 80 patients (52.5% males; mean age 52.1 ± 19.2 years) with sHLH were identified. The main clinical, physical, and laboratory findings of these patients are shown in Table 1 . The median duration of symptoms until admission was 8 d (range 1-120 d) and the median time of diagnosis after admission was also 8 d (range 1-45 d). Overall, 75 patients (94%) reported high fever (≥ 38.5 °C), 24 (30%) respiratory symptoms while 20 (25%) presented skin rash. Physical examination revealed splenomegaly, hepatomegaly and lymphadenopathy in 59%, 59% and 46% of patients, respectively.
Of interest, 76 patients (95%) had ferritin > 500 ng/mL, while 20 (25%) had significantly high levels (>10000 ng/mL). Moreover, 24 patients (30%) had pancytopenia and the vast majority of them had high levels of triglycerides (69%) and elevated liver enzymes (87.5%). The median levels of ALT, aspartate aminotransferase and lactate dehydrogenase were 77 (range 6-2192) U/L, 75 (range 7-1823) U/L and 390 (range 73-3920) U/L, respectively. Histological examination (specimens from bone marrow, lymph node, or liver) was available in 45 patients (56%). Haemophagocytosis was established in 14/45 samples (31%).
Infection was identified as the underlying cause of sHLH in the majority of cases (59/80; 74%) followed by neoplastic disease in 13/80 patients (16.2%) including two cases with concurrent infectious disease ( Table 2 ). In more detail, leishmaniasis alone identified in 15/80 (18.9%), leishmaniasis concurrently with Coxiella Burnetti or non-Hodgkin lymphoma in 2/80 (2.5%), bacterial infections in 14/80 (17.5%) including one case with concurrent non-Hodgkin lymphoma, viral infections in 13/80 (16.3%), fungal infections in 2/80 (2.5%), infections by mycobacteria in 1/80 (1.3%) and unidentified pathogens in 12/80 (15%) patients ( Table 2 ). In six patients (7.5%) the underlying cause was an autoimmune disease. The precise underline condition in the sHLH patients of the study is shown in Table 2 . Infections were exclusively the underlying cause of sHLH in the young age group (15-30 years old) while in the middle and older age groups (30-60 years and > 60 years, respectively) the frequency of infections albeit predominant, was declined (74.3% and 60%, respectively; Figure 1 ) followed by the presence of neoplastic disease (33.3%) in the older patients. In two patients, the underlying cause was not identified (idiopathic sHLH cases).
The majority of patients (76/80; 95%) received immune modifying treatment with either only intravenous steroid pulses (1 g of methylprednisolone for 1-3 consecutive days) followed by intravenous 1 mg/kg/d of prednisolone with appropriate rapid tapering of 10 mg every fourth day (n = 4 patients) or the above schedule of corticosteroids in combination with intravenous γ-immunoglobulin (IVIG; 0.4 g/kg/d for 5 d; n = 72 patients). Forty-nine out of these 76 patients (64.5%) received also treatment for the underlying cause either with antibiotic, antiviral, antifungal or antiparasitic therapy for infections, chemotherapy or other immunosuppressive treatment for malignancies or rheumatologic diseases, respectively. The remaining 4 patients (5%) received only causative treatment for visceral leishmaniasis (VL) with liposomal amphotericin B (LAMB; total dose: 21 mg/kg; Figure 2 ). The mean duration of treatment after diagnosis of sHLH was 35 ± 30 d. Six patients (7%) complicated with nosocomial infection and one developed LAMB-related myocarditis with a very low ejection fraction and acute pulmonary oedema that resolved after drug withdrawal. IVIG administration was well-tolerated by most of the 72 patients. Only three patients developed dyspnoea and hypertension which were managed by temporary discontinuation of the infusion and symptomatic therapy.
The majority of patients (76%) were cured following treatment. No association was found between remission and sex, clinical symptoms, and physical findings (data not shown). However, remission rates were significantly different in the three age groups (100% in the young age group, 85.7% in the middle and 53.3% in the older, P < 0.01). Patients with remission were younger compared to those without remission (47 ± 6 vs 66.6 ± 12.4 years, respectively, P < 0.001). In addition, anaemia, low fibrinogen and disseminated intravascular coagulation (DIC) at baseline were more frequent in patients that did not achieve remission during treatment (anaemia was present in 100% of non-responders vs 63.9% of responders, P < 0.01; low fibrinogen levels in 50% of non-responders vs 14.8% of responders, P < 0.01 and DIC in 44.4% of nonresponders vs 1.6% of responders, P < 0.001). Treatment complications were also more frequent in patients without remission (38.9% vs 18%, P < 0.05). Of note, although remission was more frequent in patients with underlying infections (81.4%) and autoimmune diseases (83.3%) compared to patients with underlying neoplastic diseases (60%), this difference was not statistically significant. Furthermore, Hb and PLTs were lower in patients without remission compared to patients with remission . When all the above parameters that were associated with remission in the univariate analysis entered in a multivariate logistic regression model, remission was independently associated only with higher PLTs (OR = 1.045, 95%CI: 1.008-1.085, P = 0.01) and the absence of DIC (OR = 0.037, 95%CI: 0.002-0.848, P < 0.05).
Twelve patients (15%) died within the first month after diagnosis. The underlying cause of sHLH was infection in nine patients (75%), malignancy in one patient (8.3%) and unknown in the remaining two patients (16.7%). Survival was significantly worse for patients in the older age group (log-rank test χ 2 = 8.510, P = 0.01; Figure 3 ). However, 66 patients (82.5%) were still alive 6 mo after diagnosis of sHLH.
DISCUSSION
In this single-centre, real-world study we describe our experience regarding the diagnosis and management of a large cohort of sHLH cases admitted to an Internal Medicine department. The main findings arose from our large study were: (A) sHLH patients characterised by variable clinical and laboratory features including high fever, hepatosplenomegaly, cytopenias, high triglycerides, low fibrinogen levels, elevated LFTs along with a progressive disease course; however, no single clinical or laboratory finding was specific for the diagnosis of sHLH; (B) In accordance with previous studies [14] [15] [16] , infections were the most prevalent underlying cause (74%) in all age groups, although declined with increasing age [17] ; (C) Although older age, anaemia, thrombocytopenia, low fibrinogen levels, DIC, and delay of diagnosis were factors that negatively affected response to treatment in the univariate analysis, only the development of DIC and low PLTs were independently associated with adverse outcome; and (D) Most importantly by using a less toxic therapeutic schedule than etoposide containing regimen, we achieved a quite high remission rate (76%) and 6mo survival (82.5%) albeit a 30-d mortality rate of 15%. Typically, HLH diagnosis is based upon the published diagnostic criteria used in the HLH-2004 trial [5] . Interestingly, these criteria were developed for the diagnosis of paediatric HLH, but have also been applied -although not validated -in adult patients with sHLH. During the study period there were no internationally accepted and validated criteria for the diagnosis of sHLH in the adult population and therefore, a timely diagnosis which is crucial for remission and survival was challenging because of the rarity of this syndrome, its heterogeneous presentation, and the time and/or availability which is required to perform the diagnostic testing [18] [19] [20] [21] . In any case, a high index of suspicion is necessary for the early diagnosis of this catastrophic syndrome and treatment could potentially be started while awaiting either the results of complex immunologic testing or until the fulfilment of at least 5 out of 8 HLH-2004 diagnostic criteria [22] . Of note, soluble CD25 levels and NK cell activity cannot be determined in every-day clinical practice in our hospital which is also common for many other institutes [6] [7] [8] [9] [10] . Thus, our clinical decision for the diagnosis of sHLH had to be based on the rest 6/8 HLH-2004 criteria.
Considering infections, it has been shown that many infectious agents can act as triggering factors for the development of sHLH, including viruses, bacteria, fungi and parasites [22] . The most common underlying infection in our cohort was VL which is endemic in our country [23] [24] [25] . Therefore, it should be always investigated in patients with sHLH from endemic areas such as the Mediterranean basin [25, 26] . A high clinical suspicion, as well as the use of modern, molecular diagnostic techniques such as polymerase chain reaction, may lead to the early diagnosis of VL-associated sHLH, minimizing unnecessary hospitalization, potentially harmful investigations, overtreatment and unnecessary immunosuppression for sHLH [23, 25] . Of interest, another zoonotic disease -Q fever, which is in general a very rare cause of sHLH [27] was also diagnosed in a few cases in our cohort. This disease is also endemic in our country. Moreover, among underlying viral infections, Epstein-Barr virus was the most prevalent which is not surprising as it is considered one of the leading triggers associated with sHLH [22, 28] . Autoimmune diseases were the second more frequent underlying cause of sHLH in the middle age group, while neoplastic diseases were in the older age group [17] . The most common autoimmune disease was adult Still's disease, a well-known cause of sHLH [29] . Considering the neoplastic diseases, the most frequent underlying cause was non-Hodgkin lymphomas (high grade B-cell or T-cell); sHLH has already been reported in association with lymphoproliferative disorders, including T, NK, and anaplastic large cell lymphomas and leukaemia with a very poor prognosis [16, 30] . Interestingly, the diagnosis of sHLH may occur either concurrently with malignancy, before or during chemotherapy, but very rarely in case of remission of the neoplastic disease [8] . Depending on the clinical department of admission, several other investigators have reported neoplastic diseases, and not infections, as the most frequent underlying cause of sHLH [7, 10, 20] .
Several clinical and laboratory parameters have been associated with worse prognosis. Our results are in agreement with previous studies who also underscore the association of both decreased PLTs count [14, 20, 31] and the presence of DIC [32] with poor outcome. In addition, although remission was more frequent in patients with underlying infections (81.4%) and autoimmune diseases (83.3%) compared to patients with underlying neoplastic diseases (60%), this difference did not achieve statistical significance. Underlying malignancies have already been implicated for worse survival [9, 10, 16, 20, 31, 33] . In our cohort only 13 patients (16.2%) had an underlying neoplastic disease which could also contribute partly to the low total 30-d mortality rate of our patients (15%). One month-survival was also worse for patients in the older age group (> 60 years) although the age was not an independent predictor of treatment response in the multivariate analysis. Increased age, especially above 50 years, seems to be a significant factor associated with mortality as these patients are more susceptible to multiple severe organ dysfunction [16] . Contrary to our findings, many other negative prognostic factors have already been reported in previous studies including male sex, central nervous system involvement, remarkably high ferritin levels (> 50000 ng/mL), persisting fever for more than 3 d despite treatment, low albumin levels, and infection with more than one microbiological agent [7, 15, 16, 32, 34, 35] . Treatment of HLH is challenging and has been developed primarily for the paediatric patients where familial HLH is the leading cause of HLH. The Histiocyte Society Study Group for HLH developed the HLH-94 and HLH-2004 treatment protocols, which are also frequently used -although not validated for adultsarbitrarily by physicians treating sHLH in adults irrespective of the underlying cause [5, 36] . These protocols include etoposide, corticosteroids, and cyclosporine that aim to eliminate activated cytotoxic lymphocytes and macrophages, as well as to restrain the cytokine cascade that promotes HLH [5, 36] . However, as there are no randomized trials for the optimal management of sHLH in adults, treatment in everyday clinical practice varies widely among medical institutes. Notably, long-term results of the HLH-94 treatment protocol showed a quite poor 5-year survival rate of 54%with 89% of deaths recorded during the first year [37] . In general, the 30-d mortality rate of HLH is quite high, estimated in about 20%-44% in several case-series using various immunomodulatory therapeutic schemes [12] while the use of etoposide or cyclosporine containing regimens apart from the risk of several severe side effects [38] [39] [40] , do not seem to be associated with a better outcome [7, 34] .
In our retrospective study which based on prospectively collected data, treatment was started as soon as possible (the sooner the better) with intravenous steroid pulses followed by gradual tapering of prednisolone in combination with intravenous IVIG as we have already published in a small series of infectious-related sHLH [41] . In parallel, appropriate treatment for the underlying cause was administered. Remission rate was quite high (76%) with a 30-d mortality rate of 15%. Similar remission rates were reported recently in two small retrospective studies from United States and Turkey in patients with sHLH by using a personalized diagnostic and less immunosuppressive and cytotoxic treatment approach which included treatment with anakinra, cyclosporine, IVIG and steroids [33, 42] . In this context, it is worthy to state that the use of anakinra as a treatment option has already been described with favourable results in small studies [43] while on the other hand, IVIG has been proved effective in at least a subgroup of adults with sHLH when started at the beginning of the macrophage activation process, during the ferritin run-up to peak values [44] . However, the role of IVIG for the treatment of sHLH is not fully understood. IVIG has several well-known potential anti-inflammatory and immunomodulatory actions through broad and possibly synergistic mechanisms including alteration of activation, differentiation and functions of T-cells and B-cells and suppression of cytokine production [45] [46] [47] [48] . This broad spectrum of mechanisms may explain the rationale and effectiveness of IVIG in sHLH. Unfortunately, in four patients IVIG was in short supply and thus they received treatment with intravenous steroid pulses followed by gradual tapering of prednisolone only. Two of them did not achieve remission and eventually died.
Although therapy directed against the underlying pathogen is usually not sufficient to control sHLH, recognition and management of the underlying disease seems of major importance. Thus, a careful microbiological, immunological and haematological workup is required to identify existing triggers of sHLH and especially infections due to Epstein-Barr virus, Cytomegalovirus or VL. Controlling of infectious diseases is an important component of sHLH management particularly in cases of VL, as specific treatment with LAMB alone, may be successful in cases of VL-associated sHLH [11, 24] . Under this context, four of our patients with VL who received early treatment only with LAMB (without corticosteroids and/or IVIG infusions) achieved complete remission of the sHLH.
Our study has some limitations: (A) It is a retrospective single-centre real-world study; and (B) Long-term follow-up data is not available for all patients although 66 patients (82.5%) were still alive 6 mo after diagnosis of sHLH. However, our study showed that if management with intravenous pulsed steroids and IVIG starts promptly enough, can prevent deterioration of the syndrome.
During the period of the study (January 2010 -June 2018) the guidelines in use for the treatment of HLH, whether primary or secondary, included an initial 8 wk of chemo-immune therapy [5] . However, several investigators -including us [24, 41] questioned whether it is rationale all these patients with sHLH, particularly those with infections-or sepsis-associated haemophagocytosis, to receive intense immunosuppressive treatment [33, 42, 44, [49] [50] [51] . Indeed, there are several reports for patients with sHLH who treated successfully after the administration of less immunosuppressive and less cytotoxic treatment modalities outside the HLH-2004 protocol including primarily anti-inflammatory agents and IVIG [24, 33, [41] [42] [43] [44] [49] [50] [51] . In this regard, although the grade of evidence in support of the latter intervention in a recent review was moderate [52] (level of evidence 3: obtained from well-designed nonexperimental descriptive studies, such as comparative studies, correlation studies and case studies), the use of IVIG seems to be safe and effective as first-line treatment in a number of studies avoiding in parallel unnecessary toxicity [24, 33, 41, 42, 44, 50, [53] [54] [55] [56] [57] . Taking into account our preliminary results [24, 41] as well as the abovementioned uncertainties we chose to treat our adult patients outside the HLH-2004 protocol with less cytotoxic agents as the vast majority of them (74%) suffered from underlying serious infections. Of note, the recent updated recommendations of the HLH Steering Committee of the Histiocyte Society for the management of HLH was published after the end of our study (October 2018 [58] and April 2019 [59] ) so, it was impossible to take into account these new recommendations.
In conclusion, sHLH still carries a remarkable morbidity and mortality while adultspecific diagnostic criteria, are missing. In the absence of randomised controlled trials, the management of sHLH has in principle two targets. The first is to interrupt the severe hyper-inflammation and the second to identify the underlying trigger. In this context, we found infections as the major cause of sHLH and therefore, they should be thoroughly investigated in these patients. In addition, our real-world study showed that IVIG in association with intravenous corticosteroids seems efficient and safe firstline treatment option for successful outcome of this life-threatening condition, avoiding in parallel overtreatment and unnecessary toxicity. However, future prospective multicentre randomised control studies will be needed in order to definitely address the potential therapeutic benefit of IVIG in sHLH and in particular in infections-or autoimmunity-related sHLH.
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Research background
Acquired or secondary haemophagocytic lymphohistiocytosis (sHLH) in adults is a heterogeneous disease triggered by infectious, autoimmune, or neoplastic disorders. sHLH is still associated with high morbidity and mortality. At the time of our study (January 2010-June 2018) the guidelines in use for the treatment of HLH, whether primary or secondary, included intensive immunosuppressive treatment.
Research motivation
As there are no randomized trials for the optimal management of sHLH in adults, treatment in every-day clinical practice varies widely among medical institutes. Nevertheless, several investigators are reluctant to treat patients with intense chemo-immune agents, particularly in cases with infection-associated sHLH.
